Polyhydroxyalkanoates (PHAs) 
INTRODUCTION
Poly(hydroxyalkonate)s (PHA) are degradable, biocompatible and thermoplastic aliphatic polyesters produced by various microorganisms (Chung et al 2003) . The most common type is the polyhydroxybutyrate (PHB) which is coming from the polymerization of 3-hydroxybutyrate monomer. It has a physicochemical feature in addition to mechanical properties similar to those of polypropylene (PP) and polylactic-co-glycolic acids (PLGA) (Lianlai et al. 1997; Williams et al. 1999) . Meanwhile, its copolymers with diverse ratios of hydroxyvalerate (HV) which are known as polyhydroxybutyrate-valerate (PHBV) are also extensively used. These copolymers are less crystalline, more flexible and more readily processable than PHB itself (Gassner & Owen 1996; Tabesh et al. 2009 ). In addition, these copolymers polyhydroxybutyrate-valerate (PHBV) are frequently used as packaging material due to its reasonably less stiffer, less brittle and more tougher than the PHB (Siracusa et al. 2008) . In that case, their various properties such as natural origin, biodegradability, biocompatibility and non-toxicity make them suitable for a variety of applications in medicine and industry (Pouton & Akhtar 1996; Qu et al. 2006) . One of the vital and demanding applications recently is for the use as scaffolding materials for tissue engineering and regenerative medicine (TERM) (Cheng et al. 2006) . The principal function of a scaffold is to maneuver cell behavior such as migration, proliferation, differentiation, maintenance of phenotype and apoptosis by facilitating sensing and responding to the environment via cell-matrix and cell-cell communications (Tabesh et al. 2009 ). To summarize, this study aimed at using the non-invasive color staining method on porous three dimensional scaffolds of poly(3-hydroxybutyric acid) (PHB) and poly(3-hydroxybutyric-co-3-hydroxyvaleric acid) (PHBV) for the analysis of pore interconnectivity. The pore interconnectivity is essential to allow for tissue regeneration, vascularization and cell in-growth. In addition, pore interconnections act as pathways for cells transport to the pore space that eventually provides a location for tissue growth and formation. For that reason, this color staining procedures would allow scientist to opt to a simple, fast and non-invasive method in analyzing the pathways between pores. The results would perhaps to provide an overview on its internal structure morphology prior to the analysis of scanning electron microscopy (SEM) and micro-computed tomography (μ-CT).
MATERIALS AND METHODS

MATERIALS
Poly(3-hydroxybutyric acid) (PHB; M w = 300,000 g mol were purchased from Sigma-Aldrich  (Dorset, United Kingdom). Chloroform 99.9% in purity (AnalaR  ) was obtained from VWR International (Leicestershire, United Kingdom).
PREPARATION OF THE POROUS 3-D SCAFFOLDS
Polymer concentrations of 4% (w/v) for PHB and PHBV (containing 12% by weight of polyhydroxyvalerate (PHV)) were prepared in 60 mL of boiled reflux chloroform (99.9% purity) at 60 o C for 8.2±1.48 min and 17.8±2.28 min, respectively, in a fume cupboard. Polymer solutions were cooled down for 10 min prior to mixing with sodium chloride. Once cooled, the polymer solutions were added evenly over an aluminum foil-coated glass Petri-dish (internal diameter 8.8 × height 1.8 cm). Sodium chloride crystals with an approximate particle size of 212 to 850 μm were then poured evenly and mixed into the polymer solutions with continuous stirring until the polymer-solvent solution became pasty, thick and packed. The fully filled pasty Petri-dish was tapped a few times so that the content became compact and even. This procedure was carried out in the fume cupboard. Subsequently, the packed-in pasty were put immediately inside a lyophilization flask (to avoid the etching effect) and air-dried for 2 days for complete solvent evaporation. The dried-casting polymers were peeled carefully from the aluminum foil and then dialyzed with 10 L of cold deionized water (DIW) at 21 o C for each polymer for 2 days to remove all sodium chloride crystals (2 dried casts/10 L DIW). The deionized water was changed twice a day. Wet porous materials were placed onto tissue paper 3 to 4 times until they became partially dry. They were frozen at -70 o C for 3 h and then transferred into a cryostat bath containing ethylene glycol (-15 o C) to lyophilize the remaining deionized water and chloroform via the sublimation process under vacuum pressure of 2 mbar for 2 days. Scaffolds were then cut into cuboids with an approximate size of 10 × 10 × 5 mm prior to the noninvasive color staining.
PREPARATION OF STAINING SOLUTION
Alirazin Red S (Sigma-Aldrich TM ) was dissolved in deionized water (DIW) with the concentration of 0.4% (w/v). The solution was stored in a dark place prior to the staining process.
NON-INVASIVE COLOR STAINING
Interconnectivity is an important feature for porous materials, especially for tissue-engineering scaffolds. It is difficult to obtain a complete 3-D information about interconnectivity through 2-D images. Therefore, a simple experiment via color staining was performed to observe the pores interconnectivity (Shi et al. 2002) . The polymeric porous 3-D scaffolds were soaked in the color staining solution of Alirazin Red S (0.4%, w/v) by means of normal soaking (without pressure) and forced entry (under vacuum pressure of 2 mbar) for 60 to 105 min and 5 min, respectively. After the soaking, the sample was dried, sectioned and pictured prior to the image analysis by mean of inverted color mapping exposure. Pores with red color apparently had been accessible, either directly or via neighboring pores.
PORE INTERCONNECTIVITY ANALYSIS
The magnified images of the vertical cross-section 3-D scaffolds were taken using instrument for optical microscopic imaging Dino-Lite AM-311s USB Microscope 10× -200× coupled with 5 high intensity LED (Figure 1 ).
Image Analyzer 1.33 MeeSoft TM was used to quantify pore interconnectivity (%) by using inverted color mapping exposure method (grayscale) from the generated histogram. The image histogram (y-axis number of pixels vs. number of tones (0 to 255) produced a distribution of tones which can be distinguished by the software. The formula for calculating pore interconnectivity (%) is shown in Equation 1. % Interconnectivity = ∑ Areas under the curve (grayscale area)/[∑ Areas under the curve (grayscale area) + Areas under the curve (unshaded area)] × 100%.
(1) normal soaking method, PHB produced a mild peripheral color staining region with one big unstained spot ( Figure  2 (a)) whilst PHBV produced only scattered unstained spots (Figure 2(b) ). This phenomenon could possibly be due to the polymers wettibility. The wettibility of both 3-D scaffolds has been studied beforehand (Figure 3) . The result showed that PHB became totally submerged with a faster absorbability rate than PHBV (within 60±3 min) owing to the less hydrophobic character than PHBV (105±5 min). However, in forced entry method under vacuum, homogenously staining region was presented on both polymeric 3-D scaffolds (Figure 2(a) and 2(b) ). No unstained region occurred throughout this process. The given vacuum pressure (2 mbar) might have made the porous structure of the 3-D scaffolds to be easily penetrated by the staining solution. Furthermore, all treated scaffolds vertical sections show a distinguishable staining region as compared with control (a tonal distribution of control was less than 2%: 5.1/255) (p<0.05).
QUANTITATIVE ANALYSIS: IMAGE ANALYZER Figure 4 shows a screen captured of one image histogram in grayscale generated from the image analyzer software. In definition, an image histogram is a type of histogram that acts as a graphical representation of the tonal distribution in a digital image (Freeman 2005) . It plots the number of pixels (y-axis) for each tonal value (x-axis: 0-255). . From the analyzed image histograms, predicted pore interconnectivity (%) was generated based on the inverted color mapping exposure (grayscale image). For normal soaking method, PHBV has a higher pore interconnectivity as compared to PHB (p<0.05). The results were in good agreement with those obtained from porosity analysis (data not shown) wherein PHBV (92.17±0.73) produced higher porosity than PHB (82.12±0.18) (p<0.05). Hence, greater capillary porosity in the porous 3-D scaffolds leads to faster water uptake (Hazaree et al. 2011) . Meanwhile, in forced entry method, both polymers generated the same interconnectivity (%). Pore ruptured may in fact be the main reason of high value observed. For that reason, the staining solution might have penetrated deep into the ruptured closed pores with the aid of pressure. Overall, over 80% of the pores have been interconnected with the adjacent pores. The results indicated that this Interconnections act only as pathways for nutritional elements, vascularization and cells distribution across the 3-D porous scaffold (Lu et al. 1999) . For that reason, the color staining method would possibly considered as simple, fast and non-invasive method to analyze interconnectivity between pores in PHB and PHBV porous 3-D scaffolds. Table 1 and Figure 2 show visible observation of vertical cross sections of both polymeric porous 3-D scaffolds. In 
CONCLUSION
Besides porosity and pore size, pore interconnectivity is considered as one of the important morphological properties of a biomaterial scaffold for tissue engineering application. The values of predicted pore interconnectivity (%) were proposed for the initial assessment of PHB and PHBV porous 3-D scaffolds as to mimic any tissues that has a thickness greater than 5 mm. A good correlation between these predicted pore interconnectivity and porosity (data not shown) was observed. This preliminary result may well be used as an overview of its internal morphology.
Hence, further manipulation during the fabrication process is highly recommended to produce high permeability prior to the cell culture work.
